Abstract
psychiatric disorders is another of the most powerful risk factors in predicting PTSD [20] . Nevertheless, the great majority of studies focusing on risk factors for mental disorders after disasters have not assessed preexisting psychiatric problems [5, 12, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . In this study, we have therefore tried to focus on the effects of a history of PTSD and other mental disorders on post-disaster outcomes and explaining the associations of other predictors with these outcomes using data from a community epidemiological survey that was already on going in the Murcia region of Spain at the time of the Lorca earthquake [37] . A similar strategy had previously been used [16] .
Materials and methods Sample
The PEGASUS-Murcia ("Psychiatric Enquiry to General Population in Southeast Spain-Murcia") project is a cross-sectional general population survey carried out between 2010 and 2012 as part of the World Mental Health (WMH) Survey Initiative (http://www.hcp.med.harvard. edu/wmh/). As described in detail previously [4, 37] , the project was designed to obtain regional data on prevalence, burden, treatment, and correlates of common mental disorders in a representative sample of the general adult (aged 18 or older) population of Murcia.PEGA-SUS-Murcia project is based on a representative sample of the adult non-institutionalized general population of the Murcia Region, one of the 17 Autonomous Communities of Spain. More details on the sampling frame, selection and weighting procedures are available elsewhere [37] . When the Lorca earthquakes occurred, the PEGASUS-Murcia project had already started but had not yet interviewed the affected area, making it possible to modify the questionnaire with the inclusion of specific questions to evaluate the effects of exposure of the population previously selected. The interviews took place between 6 and 10 months after the earthquake.
Diagnostic assessment
A revised version of the WHO Composite International Diagnostic Interview (CIDI 3.0, hereafter referred to as CIDI), specifically adapted for use in Spain [38] , was used in the PEGA-SUS-Murcia project. This is a comprehensive, highly-structured interview designed by the World Health Organization (WHO) to ascertain diagnoses of mental illnesses in comparative studies of the epidemiology of mental illnesses throughout the world [39] . The validity of the CIDI had been established prior to the study. In clinical reappraisal studies the CIDI has shown moderate-to-excellent for most mental disorders with the Structured Clinical Interview for DSM-IV (SCID), as the clinical gold standard [40, 41] . In order to facilitate the response time, it was divided into two parts with questions in Part I administered to all respondents and those in Part II administered only to a subsample of individuals consisting of all those with Part I lifetime core disorders and a probability sub-sample of other Part I respondents. A weighting was used to adjust for the under-sampling of Part I respondents without disorders to maintain the representativeness of the Part II sample. The questionnaire pathways are described in more detail elsewhere [37] . Qualified lay interviewers carried out face-to-face interviews between June 2010 and May 2012 using CAPI (Computer Assisted Personal Interviewing). Participants from Lorca were interviewed between January and April, 2012, between nine and 11 months after the earthquake. The CIDI was modified to include questions relative to the earthquake.
Different mental disorders according to DSM-IV have been considered (i.e. mood disorders -including major depression, bipolar and dysthymia-, anxiety disorders -generalized anxiety disorder, social phobia, specific phobia, post-traumatic stress disorder, agoraphobia without panic, panic disorder, obsessive compulsive disorder and adult separation anxiety disorder-, substance disorders-alcohol and drug abuse and/or dependence-and impulsive disorderoppositional-defiant, conduct and attention deficit disorders). As described previously [4] , all diagnoses specifically excluded organic causes and without diagnostic hierarchy rules with the exception of major depressive disorder, dysthymia, general anxiety disorder and oppositionaldefiant disorder. For substance use disorders, abuse was defined with or without dependence in recognition of abuse being a stage in the progression to dependence. Prevalence estimates of mental disorders were determined by whether respondents' symptomatology met the 12-month diagnostic criteria for a mental disorder. Lifetime prevalence of mental disorders prior to the earthquakes was determined on the basis of whether respondents had a history of mental disorder with an Age-of-onset (AOO) a year prior the interview. Retrospective AOO reports were obtained in the CIDI using a series of questions designed to avoid the implausible response patterns obtained when using the standard CIDI age-of-onset questions [42] .
Severity of 12-month disorders
Respondents were categorized as having severe mental illness [43] if they were diagnosed with 12-month bipolar I, if they attempted suicide in the last 12-months and had any 12-month diagnosis, if they had substance dependence with physiological symptoms or if they had more than one 12-month diagnosis and a high level of impairment on any of the Sheehan scales [44] including disability in work role performance, household maintenance, social life and intimate relationship.
Socio-demographic variables
As described previously [4] , socio-demographic variables included: age at interview (categorized as 18-24, 25-34, 35-49, 50-64, 65+); sex (male/female); marital status (married-cohabitating, separated-widowed-divorced, never married); completed years of education (four categories: None or primary: 0-7 years; Basic: 8-11 years; Secondary: 12-15 years and College: 16 or more years of education); and family income. The latter is the sum of all pre-tax income in the past 12 months, including salaries earned by all members of the household plus all sources of other income (e.g., government transfers, pensions and investment income). Respondents report each income component in a range of Euros (e.g., 14,000-14,999 €), which we converted to the midpoint of the range (e.g., 14,500 € in the above example) to simplify calculations. If a respondent did not report any single component of income, predictive mean matching method for imputation was used. Per capita income was then calculated for each family. This is the family income divided by the number of people in the household, as reported in the household listing. In order to compare income across countries within the WMH Surveys we created a four-category income scale. A respondent was assigned a category on this scale based on the per capita income of the respondent's family divided by the median income for Spain. The household is in the low, low-average, high-average or high categories if this ratio is 0.5 or less, over 0.5 to 1.0, over 1.0 to 2.0, or over 2.0, respectively. Employment status was based on six categories (working, student, homemaker, retired/disabled, unemployed and others).
Earthquake-related stressors
Shortly after the earthquake, the questionnaire was modified to include a specific module to evaluate the severity of the exposure to the catastrophe. It included 22 structured questions exploring the exposure to different stressors related to the earthquake. Each one of them were categorized into 10 different categories of stressors coded as dichotomous variables (yes/no): (1) Life-threatening experience for you or for close contacts; (2) Death of family members, friends or neighbours; (3) Serious personal injury; (4) Serious injury to family members, friends or close neighbours; (5) Buried or trapped in rubble; (6) Financial loss; (7) Property (home) seriously damage or destroyed; (8) Greater family or household duties or living with relatives, friends, neighbours or strangers; (9) Neighbourhood destroyed or seriously damaged; and (10) Job affected or loss. Full text of the interview schedule that includes the complete set of stressor questions is provided in S1 Table. Two scores were then calculated to evaluate the impact of the earthquake on individuals. A Global Earthquake Stressor Score (GESS) (range: 0-10) was calculated by adding the individual score of each of the 10 categories. The second score, the Earthquake's Experienced Stress (EES), was based on a specific question ("On a scale between 0 and 10 where 0 means "no stress at all" and 10 means "the most stress you can imagine a person having," what number describes how much stress you experienced as a result of the earthquake?").
Statistical analysis
All the estimates were obtained using the sample weights to adjust for differential probabilities of selection. Weighting procedures are described in more details elsewhere [37] . Prevalence estimates are provided and expressed in weighted percentages with the standard error (se) and differences are measured by chi-squared test. Lifetime prevalence prior to the earthquake was estimated as the weighted percentage of respondents fulfilling DSM-IV criteria for a given disorder up to a year before their age at interview. Correlates of mental disorders were investigated by multiple logistic regression analyses, with PTSD, any anxiety and any mood disorder as the dependent variable. The small number of individuals with impulse or substance disorder was excluded from further analyses. Socio-demographic characteristics (sex, age, income, marital status, education and employment status) and the earthquake's related stressors (GEES and EES), with an exposure value of 0 in those participants not exposed to the earthquake, were entered as independent variables. All analyses were weighted, and standard errors, confidence intervals and inference tests were obtained using the Taylor series linearization method [45] implemented in the STATA software Version 10.0, using the svy command with weights specified as "probability weights" to adjust for the effects of weighting and clustering on the precision of estimates [46] .
All participants signed a written informed consent before interview and the Clinical Research Ethics Committee of the University Hospital Virgen de la Arrixaca of Murcia approved the protocol [37] . The database of personal information was registered with the National Data Protection Agency. The study is reported in accordance with the STROBE (Strengthening The Reporting of Observational Studies in Epidemiology) statement guidelines (S2 Table) [47] .
Results
A total number of 2,621 participants, overall response rate of 67.7%, were interviewed in the general survey and previous analyses [4] , comparing sociodemographic data in terms of (sex, age and Health Care Areas) suggested that our sample was representative of the general population of the Region of Murcia. The number of participants from Lorca was 412 (18% of the total sample with a response rate of 71%). Participants from the rest of Murcia were 2,206 (82% of the total sample with a response rate ranging from 62% to 70% according to other Health Areas). Description of the socio-demographic characteristics of the participants is presented in Table 1 . Table 2 provides descriptive statistics for exposure to different earthquake related stressors both for the prevalence of each individual stressor and for the number of stressors (0-10). Almost 93% of the sample from Lorca was exposed to at least 1 individual stressor, 70% of them to more than one stressor. The EES of the participants were 2.7 stressors (95%CI = 1.6 to 
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3.7)
. More than half of participants from Lorca were exposed to the destruction or seriously damaged of their neighbourhood (69.7%) or affected their familial duties or changed the people they lived with (50.1%). A quarter had a financial loss and almost 17% suffer the death of a family member, friend of neighbour. Only 1.2% declared to have been seriously injured, although 3.6% were buried or trapped in rubble.
Lifetime and 12-month prevalence of mental disorders and severity
The upper panel in Table 3 shows the distribution of lifetime prevalence of mental disorders prior to the earthquake. The area of Lorca had significantly lower lifetime prevalence of other anxiety, any impulsive/control, any substance and any mental disorders than the rest of Murcia prior to the earthquake. There were no significant differences in terms of PTSD and any mood disorder. The second half of Table 3 shows results for the 12-month overall prevalence stratified by prior lifetime mental disorders in the areas of Lorca and in the rest of Murcia. A similar pattern to that found for lifetime disorders is observed for the 12-month prevalence of other anxiety and any mental disorders. However, the 12-month prevalence of PTSD is almost 7 times higher in Lorca than in the rest of Murcia. The higher prevalence is observed both in those with and without a prior history of disorder. Noteworthy is the fact that the maximum difference is found within those with a previous lifetime prevalence of any mental disorder (14.5% vs 1.6%, respectively). Severe mental disorders in those from Lorca compared with the rest of Any serious disorder: cases are defined as any 12-month disorder resulting in severe mental illnesses. ¥ Lifetime disorder prior to time of earthquake: cases are defined as lifetime cases for which the difference between the age at the interview and the age at the time at which the disorder appeared was greater than one year (age in entire years). * P-value 0.05 for the comparison of Lorca versus rest of Murcia.
& P-value 0.05 for the comparison among those with and without prior lifetime mental disorders. § P-value 0.05 for the comparison of Lorca versus rest of Murcia among people with some prior lifetime disorder. # P-value 0.05 for the comparison of Lorca versus rest of Murcia among people with no prior lifetime disorder.
All the estimates in blocks I and II have been calculated using the corresponding sample weights as in [3] . In block II, part 2 weights have been used to calculate prior lifetime disorder.
https://doi.org/10.1371/journal.pone.0179690.t003
Murcia is only significantly higher in participants with a lifetime prevalence of mental disorder prior to the earthquakes.
Risk of mental disorders associated with exposure to the earthquake Table 4 shows the results of the two different multivariate logistic regression models. Model 1 reflects the risk of 12-prevalence of each mental disorder category (PTSD, any other anxiety and any mood disorders) and any severe 12-month mental disorders adjusted for socio-demographic variables and lifetime prevalence of mental disorders prior to the earthquake (the latest only when the total sample is analyzed). Only 12-month prevalence of PTSD remains significant in the model in the general sample and among those with and without a prior history of any mental disorder. Table 1 ). In the case of the total sample, lifetime disorders prior to time of earthquakes (PTSD-yes/no-and the number of any other anxiety, mood, impulse/control and substance disorders) was also included in the model. b Model 2: includes Model 1 and additionally adjusted for GEES (Global Earthquake Stressor Score) and EES (Earthquake's Experienced Stress).
Nevertheless this association with PTSD disappears when the model is also adjusted by the earthquake's related variables, GEES and EES (Model 2). In particular, GEES seems to explain the higher prevalence of PTSD in Lorca. The other significant variables in predicting risk of 12-month of PTSD are prior lifetime PTSD and any impulse/control disorders (see S3 Table) . Both GEES and EES also influence the risk of 12-month prevalence of any other anxiety disorder (in the total sample and in those with no prior history of any mental disorder) and any mood disorder in the total sample. Severity of 12-month mental disorders is modified only in the general sample by GEES. Prior lifetime prevalence of any other anxiety disorder significantly increases the risk of having any other anxiety disorder after the earthquakes. Being female, having low levels of income and a previous lifetime history of any mood disorders also increased the risk of having any mood disorder following the earthquakes.
Discussion
This study investigated and compared the 12-month prevalence of different mental disorders in an earthquake affected area (Lorca) with a non-affected community (the rest of areas of Murcia) as a comparison group. Twelve-month prevalence of PTSD was significantly higher compared with a non-affected adjacent region. The main risk factors that explained these differences are related to the degree of exposure and a prior lifetime history of mental disorders.
Twelve-month prevalence of PTSD, any other anxiety and any mood disorder in Lorca after the earthquakes were 3.6%, 5.3% and 5.3% respectively and almost 13% of the affected population had some mental disorder after the event. Only 12-month prevalence of PTSD is higher in those exposed compared to the rest of the adjoining non-affected region. Thus, the impact of this exposure on mental health seems to be specific to PTSD.
There are several challenges in making direct comparisons between our results and those previously reported due to differences in the disaster itself, the period of time between the disaster and the PTSD assessment, the measures used, and the extent of the exposure and sampling methods [7] . Moreover, the time period between the disaster and the assessment influences the prevalence rates of PTSD due to spontaneous remission [48] . Therefore, the longer period of time produces the highest spontaneous remission rates and the lowest PTSD prevalence. In terms of measures used, the CIDI, used in our study, provides the categorical diagnosis of mental disorders based on DSM-IV, while other studies used different PTSD or depression symptom scales [5, 21, 24, 29, 34, 36, 49] . Prevalence varies according to the extent of exposure. For example, prevalence rates of suspected PTSD were 47.3% in heavily affected areas while in other areas the prevalence decreased to 10.4% [26] . It also varied according the selection of the population studied. For example, 43% of the participants selected from directly affected people from camps and prefabricated housing sits was estimated to have PTSD [17] , while, in the same earthquake, the prevalence of PTSD comes down to 23% or 14% in two randomly selected samples [16] .
Moreover, differences between countries (high income vs middle or low income countries) make comparisons more difficult as, in general, earthquakes causes less extensive devastation and casualties in developed countries [16] . Prevalence of PTSD and major depression 2-4 months following the 2010 Haiti earthquake was 24.6 and 28.3% respectively [50] . A recent study has described the prevalence of DSM-IV PTSD after natural disasters in the context of the World Mental Health Surveys [18] . Data from randomly-selected traumatic experiences related to natural and human-made disasters reflects that the prevalence of PTSD varied among high income countries from 0.1% (95%CI: 0.0-0.2) to 3.8% (0.0-11.2). In our current paper, PTSD prevalence is within the range of results as the previous published paper using the same diagnostic instrument (the CIDI), sampling methods and analyses.
There was a decrease in the prevalence of other anxiety disorders in Lorca, compared to the rest of Murcia. A considerable overlap between symptoms of PTSD and those related to other psychiatric conditions (e.g.: generalized anxiety disorders (GAD), panic and obsessive-compulsive disorders among others) has been described [51, 52] and there is a considerable gap in our knowledge of longitudinal trajectories between symptoms and diagnostic categories of affective and anxiety disorders [53] , specifically after a natural disaster. The use of the CIDI as a diagnostic instrument providing diagnostic categories based on DSM-IV criteria makes this possibility less plausible. It might also be possible that the rapid structured institutional response to attend casualties after the earthquakes and their potential effectiveness in the reduction of affective and anxiety symptomatology [54] might have had an asymmetric response within diagnostic categories by reducing the 12-month prevalence of other anxiety, mood and substance disorders at the time of the survey. This intervention with the high heterogeneity of remission of PTSD in adults without any specific treatment [48] might explain our results.
Secondly, the presence of a previous history of psychiatric disorder independently increased the risk of subsequent mental disorders after exposure to the earthquake, consistent with previous studies [7, 8, [16] [17] [18] 20] . Moreover, the increased risk seemed to be diagnostic-specific in the multivariate model in our study (see S2 Table) : prior PTSD and any impulsive/control disorder remained as risk factor for 12-month PTSD prevalence, any other prior anxiety disorder was the only prior mental disorder for 12-month other anxiety disorders and only any prior mood disorders for 12.month any mood disorder. This specificity has also been described specifically for PTSD, where prior lifetime PTSD was the most powerful predictor for PTSD among other prior lifetime mental disorders [19] . Further research is needed to investigate the relative importance of prior mental disorders as pre-traumatic risk factors.
Thirdly, the intensity of the earthquake exposure, measured as the number of stressors (GESS) and the emotional impact (EES), is an important variable explaining differences of 12-month PTSD prevalence and severity between Lorca and rest of Murcia and these results are consistent with the published literature in two meta-analyses [12, 20] . Finally, being female (for other anxiety and mood disorders) and low or low-average self-reported income (for any mood disorder) remained significant risk factors in the final multivariate model. Female sex and income level have been consistently reported to be associated with mental problems after a natural disaster [7, 12, 20] . Women have been described to be more sensitive to threats and to interpret disasters more negatively than men [55] , but contradictory results in studies looking for gender effects have also been described [8] . People with a lower income level might be more affected, especially in the context of an economic crisis [4] . The lack of significance of other socio-demographic correlates (such as education, marital status and age) should be interpreted with caution and it is unclear whether this situation is related to Lorca's specific disaster context or to methodological issues [7] . The inclusion of potential mediators in the multivariate analyses might obscure their relationship with mental disorders in this particular study, as lower educational level, not married and younger age have been previously described, though with some inconsistencies [7, 8, 12, 20] .
The strengths of the study are the selection of the population previous to the earthquakes, the inclusion of a wide range of mental disorders, and the inclusion of two samples, one exposed (from Lorca) and the other non-exposed (from the rest of Murcia) using the same sampling method and diagnostic instrument. Nevertheless, our results should be interpreted within the context of some limitations. First, the overall response rate of 67.7% is not completely satisfactory but is above the 60% conventionally considered as a minimum standard in general population surveys [56] . Participants from Lorca reached a 70% of response rate. Participants interviewed in the general survey were comparable from available census data from Murcia suggesting a representativeness of the general population [4] . Second, diagnoses were based on a fully structured lay-administered interview rather than semi-structured clinical interviews. This limitation in reporting DSM-IV diagnoses has been evaluated with a moderate-to-excellent concordance as regards the diagnosis of most mental disorders [40, 41] and it is currently widely used in epidemiologic surveys of general population all over the world [39] . Third, the self-report assessment may reduce the reliability of some information that might have underestimated the risk, especially that related to lifetime mental disorders prior to the earthquakes. Fourth, the specific module added to the CIDI to measure the earthquake-exposure was not implemented in the nonaffected areas (the rest of Murcia) and some areas were interviewed before earthquakes. These might have underestimated the PTSD prevalence due to indirect earthquakes' exposure, such as television coverage [57] . Finally, the cross-sectional design limits the interpretation of the associations found being interpreted as causal.
Research on post-disaster psychological consequences is complicated because of the specific difficulties inherent to the complex logistic organization needed to start a survey in a context of the post-disaster circumstances after an unpredicted disaster [58] and the high heterogeneity found in published literature related to: i) the disaster, such as the type of trauma or duration of the exposure; ii) the characteristics of the population exposed, including the region/ country affected; and iii) different methodological issues, such as study design, sample and diagnostic instruments selected [13] [14] [15] . Whenever a catastrophe occurs, it constitutes a unique opportunity to add new evidences to improve our knowledge of mental health epidemiologic research on natural disasters, and to provide information for service managers, professionals responsible for prevention-treatment interventions and interested researchers [5, 20, 59, 60] . Psychological interventions to prevent mental disorders after the exposure to earthquakes should be focused on people at higher risk and our study shows that this should particularly include those with a higher direct exposure to the natural disaster and those with a prior history of mental disorders.
Conclusions
In summary, the main outcome of our study is that PTSD and depression feature prominently following an earthquake and our study shows that the likelihood of their occurrence may be predicted both by a history of prior mental disorders and the level of exposure, this latter being one of the most important risk factors for the development of a subsequent mental disorder. This identification should be of assistance to healthcare planners who should thus focus their attention and resources on this particularly vulnerable group. 
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